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^ (54) Title: METHOD FOR DETECTING DNA POLYMERISATION 
CO 

^ (57) Abstract: A method for determining the extent of a processive nucleic acid polymerase reaction producing pyrophosphate can 
be conducted, in the presence of all components necessary for the progression of nucleic acid synthesis, wherein the components 

>j comprise a substrate for the nucleic acid polymerase which is either dATP or a dATP analogue. The method includes a pyrophos- 

^ phate assay comprising the steps of conversion of the pyrophosphate to ATP and detection of light produced by the bioluminescence 
reaction of a luciferase with ATP, wherein one or both of the following apply: a) the luciferase reacts with ATP and the substrate, 

O sucn that tne spectral overlap is reduced relative to the spectral overlap between the outputs of reaction between wild-type Photinus 
pyralis luciferase with ATP and dATP respectively; and b) the luciferase reacts with the substrate to give a reduced bioluminescence 

^ relative to that produced by the reaction of wild-type Photinus pyralis luciferase with dATP. 
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METHOD FOR DETECTING DNA POLYMERISATION 
Field of the Invention 

The present invention relates to methods for the analysis of samples 
produced by the in vitro polymerisation of nucleic acids, preferably the products 
5 of DNA polymerisation, particularly the products of a polymerase chain reaction. 
This invention also relates to kits utilising such methods. 
Background of the Invention 

In vitro DNA polymerisation is commonly in the form of the polymerase 
chain reaction (PCR), a ubiquitous technique in molecular biology. PCR allows 
10 the amplification (and modification) of precisely defined DNA sequences from, 
if necessary, very small quantities of DNA. 

Commonly, PCR is analysed using gel electrophoresis (either agarose or 
acrylamide-based) using a fluorescent dye (such as ethidium bromide) to stain 
for the presence of DNA. This method can be used to indicate the number, 
15 amount and size of amplified PCR products. However, the preparation, running 
and analysis of PCR reactions using gel electrophoresis requires extensive 
manual intervention and hazardous reagents and is time-consuming (typically 
taking around 1 hour in total). In addition, multiple PCR cycles (typically 30) are 
required to produce detectable product. 
20 Recent methods do not use an electrophoresis step in the analysis of 

PCR. Such techniques work by monitoring a change in fluorescence that is 
associated with the accumulation of a PCR product by some means. 

Means to monitor amplification of DNA during PCR using double-stranded 
DNA-binding dyes, specific hybridisation probes containing donor and acceptor 
25 fluorophores or PCR primer probes containing donor and acceptor fluorophores, 
are described in WO-A-97/444486, WO-A-99/4261 1 and US-A-61 74670. 

Such methods have the benefit over gel electrophoresis of making it 
possible to follow PCR without liquid sampling, so allowing a reaction to be 
followed in real time. This allows PCR product to be detected quickly, with fewer 
30 cycles, and gives direct information on annealing/melting kinetics. 

However, the fluorescent techniques have significant drawbacks. In 
particular, specialised equipment and reagents are required. Normally a 
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computer-driven integrated thermocycler-fluorimeter is required as the methods 
often follow PCR in real-time rather than being employed for end-point analyses. 
As a result, the accessibility (cost), and portability of such systems is 
compromised. Since detection is carried out within the PCR instrument, such 
5 methods are only available to suitably equipped laboratories. 

In addition, the application of fluorescence-based systems may be 
hampered by the limited capacity of equipment and its high cost. Finally, costs 
of fluorescent reagents, particularly fluorescently-labeled primers, are high and 
sample preparation can be cumbersome. 
1 o A characteristic of DN A and RNA polymerases is the fact that they release 

the compound pyrophosphate (PPi) each time they incorporate a new base into 
the growing DNA/RNA molecule. The reaction may be shown as, for a polymer 
of length n: 

15 polymerase 

DNA (n) + dNTP/NTP ► DNA {n+1) + PPi 

A sensitive assay for pyrophosphate is known as the Enzymatic 
Luminometric Inorganic Pyrophosphate Detection Assay (ELIDA); see Nyren et 

20 a/, Anal. Biochem. 220: (1) 39-45 (1994). This assay has two steps: (1) 
conversion of pyrophosphate (PPi) to ATP by the enzyme ATP sulphurylase, and 
(2) utilisation of the ATP to produce light in the presence of luciferase and 
oxygen, catalysed by firefly luciferase (known in the art): 

ELIDA has been applied, to follow the incorporation of single nucleotides 

25 into a DNA molecule by a polymerase; see US-A-5534424, US-A-5498523, WO- 
A-98/28440 and WO-A-98/13523. ELIDA-based methods are available for 
identifying single base polymorphisms as well as sequencing short regions of 
DNA. The approaches are iterative in nature, and detect the incorporation of 
individual nucleotides. By definition, such applications are not detecting 

30 processive nucleic acid polymerase activity. 

One of the components of a polymerase reaction is the deoxynucleotide 
dATP which is also a substrate for luciferase. Thus an intrinsic problem 
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encountered in a pyrophosphate assay of a polymerisation reaction is the 
spectral interference resulting from the reaction of luciferase with dATP. 

A method for detecting a DNA polymerisation reaction is disclosed in WO- 
A-92/16654 and the article by Tabary et a\ % J. Immunological Methods, 156 

5 (1992) 55-60. This method does not directly address the problem of dATP 
interference, but attempts to diminish the effects of interference using a lengthy 
stepwise assay involving the multiple addition of reagents. 
Summary of the Invention 

According to the present invention, a method for determining the extent 

10 of a processive nucleic acid polymerase reaction producing pyrophosphate, in 
the presence of all components necessary for the progression of nucleic acid 
synthesis, wherein the components comprise a substrate for the nucleic acid 
polymerase which is either dATP or a dATP analogue, includes a pyrophosphate 
assay comprising the steps of conversion of the pyrophosphate to ATP and 

15 detection of light produced by the bioluminescence reaction of a luciferase with 
ATP, wherein one or both of the following apply: 

a) the luciferase reacts with ATP and the substrate, such that the 
spectral overlap is reduced relative to the spectral overlap 
between the outputs of reaction between wild-type Photinus pyralis 

20 luciferase with ATP and dATP respectively; and 

b) the luciferase reacts with the substrate to give a reduced 
bioluminescence relative to that produced by the reaction of wild- 
type Photinus pyralis luciferase with dATP. 

The invention provides simple, cheap and rapid alternatives to both gel 
25 electrophoresis-based and fluorescence-based techniques. It can be used to 
distinguish whether or not a PCR reaction has taken place (and/or quantify the 
extent of a PCR reaction), using simple, cheap hardware requirements, with the 
possibility of portability and miniaturisation and easy integration into high 
throughput systems. The method can provide improved signal stability and 
30 improved signal:background ratio. 
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Description of the Invention 

The invention provides a method to assay in vitro enzymatic synthesis of - 
nucleic acid and to quantify the extent to which the nucleic acid has been 
polymerised de novo. The invention comprises the detection of pyrophosphate, 
5 produced as a consequence of nucleic acid polymerisation. 

Preferably, the assay is used to analyse the results from the polymerase 
chain reaction (PCR), where DNA molecules are amplified in vitro. The assay 
can be carried out in the presence of all the components of the polymerisation 
reaction, including the nucleotides that are required. 
10 In one embodiment, the invention comprises the steps of 

(1) converting pyrophosphate into ATP using the enzyme ATP 
sulphurylase 

(2) detecting the ATP produced, preferably by an enzyme that 
produces light in the presence of ATP and an appropriate 

15 substrate, more preferably firefly luciferase, wherein the ATP 

produced as a consequence of step (1 ) can be distinguished from 
dATP or analogues which may be utilised by the polymerase 
enzyme. 

7n ATP Sulphurylase 

Stepl PPi ► ATP 



Firefly luciferase 

Step 2 ATP LIGHT 

25 

The invention allows the ATP produced in step 1 to be distinguished from 
nucleotides present as a substrate for the polymerase enzyme. These methods 
comprise the alternatives of 

(a) optical methods to distinguish the wavelength of light produced from ATP 
30 in step 2, from the light produced by enzyme action on the nucleotides 

present in the DNA polymerisation reaction buffer 
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(b) utilising nucleotides in the polymerisation reaction that are not effective 
substrates for the enzyme used in step 2 

(c) utilising enzyme variants in step 2 with reduced utilisation of dATP as a 
substrate. 

5 The invention comprises the detection of pyrophosphate as a means of 

determining the extent of a processive nucleic acid polymerase enzyme. 
"Processive" as used herein refers to an enzyme operating under conditions 
where more than one nucleotide addition cycle can be carried out without further 
additions to or manipulation of the buffer components. 

10 This invention relates to detecting the pyrophosphate produced by a 

nucleic acid polymerase enzyme, preferably in the presence of the components 
needed by the enzyme. More preferably the pyrophosphate is first converted to 
ATP (e.g. by ATP sulphurylase). The ATP is then detected, preferably, by a 
bioluminescence reaction, more preferably using a beetle luciferase, most 

15 preferably firefly luciferase. 

The novel assay is performed subsequent to processive polymerisation 
of a nucleic acid molecule, preferably a DNA molecule, more preferably after 
application of the polymerase chain reaction. Further, the assay is performed 
directly on the reaction mixture used for the enzymatic DNA synthesis in the 

20 presence of all the components necessary for DNA synthesis. 

The components of an enzymatic DNA synthesis reaction will typically 
. contain a mixture of buffer, MgCI 2 , dATP, dCTP, dGTP, dTTP, primer(s), a DNA 
template and a polymerase. Such a mixture would interfere with an ELIDA assay 
for pyrophosphate since, in particular, the dATP reacts directly with firefly 

25 luciferase, producing light. Given that the concentration of dATP typically used 
in such reactions is high (e.g. 0.2 mM), light production from dATP reacting 
directly with luciferase will contribute significantly to the light detected so 
confounding the assay for pyrophosphate, particularly at low pyrophosphate 
concentrations. 

30 The invention embodies methods to assay pyrophosphate in the presence 

of the reagents required for enzymatic DNA synthesis without undue interference 
from light not produced as a consequence of the production of pyrophosphate. 
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As such, considering the first equation seen above, the invention can be used 
to assess the extent to which DNA polymerisation has been occurring in a 
sample, preferably a PCR reaction. The invention can thus be used to assess 
whether or not a PCR reaction has produced any PCR product, and also to 
5 quantify how much PCR product has been produced. In many applications (e.g. 
rapid detection of DNA associated with pathogens) where the PCR conditions 
are already sufficiently optimised, the only information required to establish that 
the target DNA sequence was present in the sample is the occurrence of DNA 
polymerisation. 

10 In one embodiment of the invention, wavelength-specific light detection 

may be employed to differentiate between light produced from ATP (and hence 
derived from pyrophosphate) and light from dATP. Firefly luciferase reacts with 
ATP to give yellow-green light, whereas it reacts with dATP to give red light. As 
a result, where a sample contains both ATP and dATP, the extent to which the 

15 light produced in the presence of luciferase is from dATP can be assessed by 
either employing suitable filters or measuring light emission at wavelengths 
where dATP contributes little to the recorded signal compared to ATP. Thus the 
light derived from dATP reacting directly with luciferase can be sufficiently 
minimised to make pyrophosphate detection in a PCR reaction feasible, even at 

20 low pyrophosphate concentration. 

In another embodiment of the invention, dATP is replaced by d-a-SATP. 
d-a-SATP is an approximately one-hundred-fold poorer substrate for luciferase 
than dATP, such that there is very little light production from the direct reaction 
of d-a-SATP with luciferase. Nevertheless, d-a-SATP is a suitable substrate for 

25 DNA amplification reactions. It is known that d-a-SATP can be incorporated into 
a DNA strand by DNA polymerases. It has now been found that DNA that has 
incorporated d-a-SATP (now containing sulphur atoms) can act as a template to 
direct further DNA synthesis; this is a prerequisite for PCR. PCR reactions using 
d-a-SATP are efficient and, due to the lack of dATP, they do not intrinsically 

30 cause significant light emission when added to ELIDA reagent. Thus, when 
using d-a-SATP in a PCR reaction, the resulting sample will only emit significant 
light if pyrophosphate has been generated, e.g. if a PCR product has been 
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amplified. It will be evident to a person skilled in the art that nucleotides other 
than d-a-SATP which are substrates for PCR but whose reaction with firefly 
luciferase demonstrates a lower specific activity than with dATP, could also be 
utilised in this context. 
5 Another embodiment of the invention is the application of mutant firefly 

luciferases or beetle luciferase variants with either a greater difference in the 
colour of bioluminescence using dATP compared to ATP or a different affinity for 
either dATP or ATP. Mutant luciferases where the difference between the 
wavelength of maximal luminescence with dATP and ATP larger than wild-type 
10 enzyme can be employed to improve the discrimination between light produced 
from ATP as opposed to dATP. Further, mutants where dATP is a poorer 
substrate for light emission relative to ATP, may be similarly employed. Within 
this embodiment, any mutant luciferase can be used which is more discriminating 
with respect to reacting with ATP over other nucleotides, either in activity or 
1 5 wavelength of light produced. Methods for obtaining or identifying such mutant 
luciferases are known in the art (e.g. WO-A-96/22376 and WO-A-99/14336). 

It is a feature of the invention that pyrophosphate from DNA synthesis can 
be detected when the DNA which has been synthesised would be undetectable 
by gel electrophoresis, resulting in increased sensitivity and reduced 
20 amplification time in PCR assays. In addition, the amount of pyrophosphate 
detected is proportional to the amount of DNA synthesised under appropriate 
conditions. Hence the detection of pyrophosphate can be used to quantitate a 
PCR reaction. 

A further feature of the invention is the utilisation of pyrophosphate assay 
components that can withstand the conditions of a PCR reaction. The 
pyrophosphate assay components may be stabilised by lyophilisation or by the 
presence of stabilising factors, and/or may be thermostable, in particular 
thermostable ATP sulphurylase amd thermostable luciferase. The nucleic acid 
polymerase may also be thermostable. 

Analysis of a PCR sample simply requires the mixing of some PCR 
sample with ELIDA reagent. Light emission from the mixture is rapid and of 
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sufficient magnitude that complex light-detection hardware is not necessary: a 
CCD camera or even photographic film can be used to analyse the result. 

Further, the light signal from the ELIDA reaction is stable over a few 
minutes, giving a useful window of time in which the assay can be measured, 
5 This means, for example, that a PCR reaction done on a multiwell-plate format, 
requires only ELIDA reagent added to all the wells (which is easily done 
simultaneously with simple liquid handling devices) and placed under a CCD 
camera for a few seconds, to give a complete result. The potential for very high 
throughput analysis is therefore clear: liquid handling is simple, as is the 
10 hardware, and hundreds of samples may be easily analysed simultaneously. 

Further, the simplicity of the assay offers far greater accessibility and 
portability of PCR and other technology. In particular, this assay may be easily 
integrated into miniature "liquid" circuits performing PCR reactions. Indeed, the 
assay offers the benefit of not requiring an in-built fluorimeter as would methods 
15 using fluorescent oligos: a simple photomultiplyer or photographic film is 
sufficient to analyse the results from the invention disclosed. 

The following Examples illustrate the invention. 
Example 1 Use of filters to remove light contributed from dATP stimulated 
bioluminescence 

20 Pyrophosphate assay buffer (PAB) was made up as follows: 



0.1M Tris-acetate (pH7.75) Sigma 

2 mM EDTA 

10mM Magnesium Acetate 

25 0.1% Bovine serum albumin " 

5 pM Adenosine 5' phosphosulphate 

0.4 mg/ml Polyvinylpyrrolidone (360,000) 

0.3U/ml ATP Sulphurylase 

100 mg/ml D-luciferin Europa 

30 5.5x1 0 8 light units Photinus pyralis luciferase Promega 

1 mM Dithiothreotol Melford 
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Solutions of sodium pyrophosphate (Sigma) were made up freshly and 
stored shaded on ice. 

50 pi of PAB was aliquoted into two wells of a 96 well plate. To one 
sample was added 1 pi of 0.1 mM sodium pyrophosphate; to the other was 
5 added 1 pi of 2 mM dATP. The resulting light emission was observed using a 
Syngene light-box with a black and white CCD camera integrating the signal over 
5 seconds. Whilst the sample where pyrophosphate was added is far brighter, 
there is significant light emission from the dATP sample. The amount of dATP 
added is equivalent to 1/5 the amount used in a standard 50 pi PCR reaction. 
10 Hence the contribution from the dATP to the bioluminescence is significant. 

A green filter was placed in front of the lens of the CCD camera and the 
sample above was observed once more. It could be clearly seen that the 
presence of the green filter markedly reduced the signal of the dATP sample 
relative to the pyrophosphate sample. This was by virtue of the light emission 
15 from the dATP sample having a maximal light emission at 620 nm whereas the 
emission from ATP is at a maximum at 550 nm (at pH 7.8) hence the green filter 
blocked more of the light from the dATP sample. 
Example 2 PCR using the dATP analogue d-a-SATP 

A 50 pi PCR reaction contained the following: 



5 Ml 


Tris-HCI 


100mM 


Sigma 


4 pi 


Magnesium Chloride 


50mM 


Gibco 


5 Ml 


d-a-SATP 


2mM 


Glen research 


5 Ml 


dCTP 


2mM 


Pharmacia 


5 Ml 


dGTP 


2mM 


Pharmacia 


5 Ml 


dTTP 


2mM 


Pharmacia 


1 Ml 


Test plasmid pPw601a 


' 0.5 ng/pl 




1.25 pi 


Primer 1 


10 pM 




1.25 pi 


Primer 2 


10 mM 




0.5 pi 


Taq polymerase 


5U/mI 


Roche 


19 Ml 


Milli-Q water 
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The sequences of primers 1 and 2 and the test plasmid are given in SEQ 
ID Nos. 1 , 2 and 3, respectively. The size of the expected PCR product was 
158 bp. 

5 pi of Eurogentec "smart-ladder" molecular weight marker was used in 
5 gel electrophoresis. 2 pi of 10 mg/ml ethidium bromide was added to agarose 
gels and gel running buffer. 

Taq polymerase was added to the sample after heating to 95° for 30 
seconds. The following cycling parameters were implemented on a Perkin-Efmer 
GeneAmp PCR system 2400. 

10 95°C 30 sec 

(addition of Taq polymerase) 
95°C 30 sec 
95°C 30 sec " 

15 

55°C 30 sec I 30 cycles 
72°C 5 sec 

J 

72°C 20 sec 

20 10 pi of the resulting PCR reaction was loaded onto a 10% agarose gel 

containing ethidium bromide alongside a molecular weight marker. The gel was 
run at 60V for 50 minutes and then visualised under a transilluminator. It could 
be seen that a PCR product is generated using d-a-SATP instead of dATP. 
Under the same conditions, if dATP is used instead but at 1/1 0th the usual 

25 concentration of 0.2 mM t no PCR product is detected. This shows that the PCR 
product gained using d-a-SATP is not simply the result of contamination by 
dATP as the d-a-SATP was over 98% pure; hence a PCR product could not 
have occurred by virtue of contaminating dATP. 

Example 3 Dectection of pyrophosphate from a PCR reaction using d-a-SATP 
30 Three PCR reactions were set up as in Example 2. One of the samples 

was not subjected to thermocycling, the remainder were thermocycled but one 
did not have Taq added. The expected result was that only the sample 
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thermocycled with Taq would produce a PCR product. This was confirmed by 
gel electrophoresis. 5 pi of each PCR reactions was added to 25 pi of ELIDA 
buffer in a 96 well plate. Light emission from the samples was measured using 
a CCD camera, and it was demonstrated that the light emission from the 
5 samples, on assaying for pyrophosphate, clearly corresponds to the gel result. 
Example 4 Dectection of pyrophosphate from a PCR reaction using dATP 

PCR reactions were set up as in Example 2, except that dATP was used 
instead of d-a-SATP, i.e. standard PCR reaction conditions were used. Two 
samples were prepared, one with the correct DNA template present (with respect 

10 to the primers used) and one where the correct DNA template was not present. 
The expected result was that only the sample with the correct template would 
produce PCR product. Having run the PCR reaction, the samples were analysed 
by gel electrophoresis. 5 pi of each PCR reaction was then added to 25 pi of 
ELIDA assay reagent and the light emitted detected with a CCD camera fitted 

15 with a green filter, as in Example 1. The detected light emission corresponds 
with that of the gel electrophoresis, such that the ELIDA assay is able to indicate 
correctly which sample has successfully produced PCR product. 
Example 5 Quantification and sensitivity of PCR product detection 

Seven PCR samples were prepared as in Example 2 (i.e. using d-a- 

20 SATP). During thermocycling, one of the tubes was removed and placed on ice 
every 5 cycles up to 35 cycles of the PCR reaction. The production of PCR 
product was analysed using gel electrophoresis. 5 pi of each of the samples 
was added to 25 pi of ELIDA buffer and the light emitted was recorded with a 
CCD camera. Figure 1 (a graph of light against the number of PCR cycles) 

25 shows that, not only does the light emitted from the ELIDA assays increase with 
cycle number, but that light emission increases before PCR product can be 
detected on the gel. 

Example 6 Stability of light emission from ELIDA assays of PCR reactions 
containg d-a-SATP compared to dATP 
30 PCR reactions were set up and run as in Example 5. The analysis of 

each PCR sample was initiated by mixing 1 pi of the PCR reaction with 20 pl of 
ELIDA assay buffer. The light emitted from the sample was then measured with 
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a Labsystems Luminoscan Ascent lurninometer in a series of four consecutive 
light readings over a period of 1 minute. Each light reading represented the light 
emission from the sample integrated over a ten-second interval (using the 
machine's default PMT voltage). 
5 Figure 2 (a graph of relative light units against time) demonstrates the 

magnitude of the light emission over four consecutive light readings from ELIDA 
assays of PCR reactions run for 5 and 35 cycles with either dATP or d-a-SATP. 
PCR reactions run with dATP show significant decay in light emission over time. 
This effect becomes greater with the number of PCR cycles. As a result, the 

10 differential between the light emitted between 5 and 35 cycles significantly 
decreases. Conversely, using d-a-SATP, the light emission overtime is close 
to constant for both the 5 and 35 cycle samples. As a result, the magnitude of 
the differential between the readings for 5 and 35 cycles over the four readings 
taken, is almost constant (only 5% difference). 

15 Example 7 Background to signal ratio in ELIDA assays of PCR reactions 
containing d-a-SATP compared to dATP 
PCR reactions were set up as in Example 2 except that only 0.5 pg of the 
test plasmid pPw601 a was used. Further, the PCR reactions contained either 
d-a-SATP or dATP. The light emission from an ELIDA assay of unreacted PCR 

20 mixes containing either d-a-SATP or dATP was measured as in Example 6. A 
further ELIDA assay was performed on the same samples after they had 
completed 30 cycles of a PCR reaction (and had produced the same amount of 
amplicon as judged by agarose gel analysis). The ratio of the light emission 
from the unreacted PCR mix to the reacted PCR mix is shown in Figure 3 

25 (showing signahbackground ratio). It can be seen that using d-a-SATP 
considerably improves the signal.background ratio. This is due to the fact that 
d-a-SATP does not react with luciferase to the same degree as dATP. 
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CLAIMS 

1. A method for determining the extent of a processive nucleic acid 
polymerase reaction producing pyrophosphate, in the presence of all 
components necessary for the progression of nucleic acid synthesis, wherein the 

5 components comprise a substrate for the nucleic acid polymerase which is either 
dATP or a dATP analogue, wherein the method includes a pyrophosphate assay 
comprising the steps of conversion of the pyrophosphate to ATP and detection 
of light produced by the bioluminescence reaction of a luciferase with ATP, 
wherein one or both of the following apply: 
10 a) the luciferase reacts with ATP and the substrate, such that the 

spectral overlap is reduced relative to the spectral overlap 
between the outputs of reaction between v/Wd-type Photinus pyralis 
luciferase with ATP and dATP respectively; and 
b) the luciferase reacts with the substrate to give a reduced 
1 5 bioluminescence relative to that produced by the reaction of wild- 

type Photinus pyralis luciferase with dATP. 

2. A method according to claim 1 , wherein the substrate is dATP. 

3. A method according to claim 1 , wherein the substrate is a dATP analogue. 

4. A method according to claim 3, wherein the dATP analogue is d-a-S-ATP. 
20 5. A method according to any preceding claim, wherein the luciferase is a 

variant or mutant of a coleopteran luciferase. 

6. A method according to claim 5, wherein the luciferase is a variant or 
mutant of Photinus pyralis luciferase. 

7. A method according to claim 3 or claim 4, wherein the luciferase is wild- 
25 type Photinus pyralis luciferase. 

8. A method according to any preceding claim, wherein light produced by the 
bioluminescence reaction is detected using wavelength-specific light detection. 

9. A method according to any preceding claim, wherein a light filter is used 
in the pyrophosphate assay. 

30 10. A method according to any preceding claim, wherein the luciferase is a 
thermostable luciferase. 
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11. A method according to any preceding claim, wherein the nucleic acid 
polymerase is a DNA polymerase. 

12. A method according to claim 1 1 , wherein the nucleic acid polymerase is 
thermostable. 

5 13. A method according to any preceding claim, wherein the conversion 
comprises the addition of ATP sulphurylase. 

14. A method according to claim 13, wherein the ATP sulphurylase is 
thermostable. 

1 5. A method according to any preceding claim, wherein a component of the 
10 pyrophosphate assay is immobilised. 

1 6. A method according to any preceding claim, wherein a component of the 
pyrophosphate assay is stabilised by lyophilisation or by the presence of 
stabilising factors. 

17. A kit suitable for use in a method defined in any preceding claim, 
15 comprising containers respectively containing 

a) buffered mixture of nucleic acid polymerase, a source of Mg, and 
deoxynucleotides, wherein the deoxynucleotides comprise a 
substrate as defined in claim 1 ; and 

b) a luciferase, luciferin and ATP sulphurylase. 
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SEQUENCE LISTING 

<110> Cambridge University Technical Services Ltd. 

<120> METHOD FOR DETECTING DNA POLYMERISATION 

<130> REP06651WO 

<140> not yet known 
<141> 2002-02-13 

<160> 3 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
Oligonucleotide 

<400> 1 

ggttgtggat gccgataccg gg 

<210> 2 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
Oligonucleotide 

<400> 2 

gctatgtctc cagtatgtag cc 



<210> 3 
<211> 5777 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Plasmid 
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<400> 3 

nasncrrraat wachckrmtn ndcmntatnw angthntync hckaagctta ctccccatcc 60 
ccctgttgac aattaatcat cggctcgtat aatgtgtgga attgtgagcg gataacaatt 120 
tcacacagga aacaggatcc aaatggaaga cgccaaaaac ataaagaaag gcccggcgcc 180 
attctatcct ctagaggatg gaaccgctgg agagcaactg cataaggcta tgaagagata 240 
cgccctggtt cctggaacaa ttgcttttac agatgcacat atcgaggtga acatcacgta 300 
cgcggaatac ttcgaaatgt ccgttcggtt ggcagaagct atgaaacgat atgggctgaa 360 
tacaaatcac agaatcgtcg tatgcagtga aaactctctt caattcttta tgccggtgtt 420 
gggcgcgtta tttatcggag ttgcagttgc gcccgcgaac gacatttata atgaacgtga 480 
attgctcaac agtatgaaca tttcgcagcc taccgtagtg tttgtttcca aaaaggggtt 540 
gcaaaaaatt ttgaacgtgc aaaaaaaatt accaataatc cagaaaatta ttatcatgga 600 
ttctaaaacg gattaccagg gatttcagtc gatgtacacg ttcgtcacat ctcatctacc 660 
tcccggtttt aatgaatacg attttgtacc agagtccttt gatcgtgaca aaacaattgc 720 
actgataatg aattcctctg gatctactgg gttacctaag ggtgtggccc ttccgcatag 780 
aactgcctgc gtcagattct cgcatgccag agatcctatt tttggcaatc aaatcattcc 840 
ggatactgcg attttaagtg ttgttccatt ccatcacggt tttggaatgt ttactacact 900 
cggatatttg atatgtggat ttcgagtcgt cttaatgtat agatttgaag aagagctgtt 960 
tttacgatcc cttcaggatt acaaaattca aagtgcgttg ctagtaccaa ccctattttc 1020 
attcttcgcc aaaagcactc tgattgacaa atacgattta tctaatttac acgaaattgc 1080 
ttctgggggc gcacctcttt cgaaagaagt cggggaagcg gttgcaaaac gcttccatct 1140 
tccagggata cgacaaggat atgggctcac tgagactaca tcagctattc tgattacacc 1200 
cgagggggat gataaaccgg gcgcggtcgg taaagttgtt ccattttttg aagcgaaggt 1260 
tgtggatctg gataccggga aaacgctggg cgttaatcag agaggcgaat tatgtgtcag 1320 
aggacctatg attatgtccg gttatgtaaa caatccggaa gcgaccaacg ccttgattga 1380 
caaggatgga tggctacatt ctggagacat agcttactgg gacgaagacg aacacttctt 1440 
catagttgac cgcttgaagt ctttaattaa atacaaagga tatcaggtgg cccccgctga 1500 
attggaatcg atattgttac aacaccccaa catcttcgac gcgggcgtgg caggtcttcc 1560 
cgacgatgac gccggtgaac ttcccgccgc cgttgttgtt ttggagcacg gaaagacgat 1620 
gacggaaaaa gagatcgtgg attacgtcgc cagtcaagta acaaccgcga aaaagttgcg 1680 
cggaggagtt gtgtttgtgg acgaagtacc gaaaggtctt accggaaaac tcgacgcaag 1740 
aaaaatcaga gagatcctca taaaggccaa gaagggcgga aagtccaaat tgtaaaatgt 1800 
aactgtattc agcgatgacg aaattcttag ctattgtaat cctccgaggc ctcgatcgag 1860 
gtcgacgaat tcggtaaatt tatggttggt tatgaaatgc tggcagagac ccagcgagac 1920 
ctgaccgcag aacaggcagc agagcgtttg cgcgcagtca gcgatatcca ttttcgcgaa 1980 
tccggagtgt aagaaatgag tctgaaagaa aaaacacaat ctctgtttgc caacgcattt 2040 
ggctaccctg ccactcacac cattcaggcg cctggccgcg tgaatttgat tggtgaacac 2100 
accgactaca acgacggttt cgttctgccc tgcgcgattg attatcaaac cgtgatcagt 2160 
tgtgcaccac gcgatgaccg taaagttcgc gtgatggcag ccgattatga aaatcagctc 2220 
gacgagtttt ccctcgatgc gcccattgtc gcacatgaaa actatcaatg ggctaactac 2280 
gttcgtggcg tggtgaaaca tctgcaactg cgtaacaaca gcttcggcgg cgtggacatg 2340 
gtgatcagcg gcaatgtgcc gcagggtgcc gggttaagtt cttccgcttc actggaagtc 2400 
gcggtcggaa ccgtattgca gcagctttat catctgccgc tggacggcgc acaaatcgcg 2460 
cttaacggtc aggaagcaga aaaccagttt gtaggctgta actgcgggat catggatcag 2520 
ctaatttccg cgctcggcaa gaaagatcat gccttgctga tcgattgccg ctcactgggg 2580 
accaaagcag tttccatgcc caaaggtgtg gctgtcgtca tcatcaacag taacttcaaa 2640 
cgtaccctgg ttggcagcga atacaacacc cgtcgtgaac agtgcgaaac cggtgcgcgt 2700 
ttcttccagc agccagccct gcgtgatgtc accattgaag agttcaacgc tgttgcgcat 27 60 



2 



WO 02/064830 



PCT/GB02/00648 



gaactggacc cgatcgtggc aaaacgcgtg 
gttgaagctg ccagcgcgct ggagcaaggc 
gagtctcatg cctctatgcg cgatgatttc 
gtagaaatcg tcaaagctgt gattggcgac 
tttggcggct gtatcgtcgc gctgatcccg 
gtcgctgaac aatatgaagc aaaaacaggt 
tcacaaggag caggacagtg ctgaacgaaa 
accgactgtt ctgcctcgcg cgtttcggtg 
tcccggagac ggtcacagct tgtctgtaag 
gcgcgtcagc gggtgttggc gggtgtcggg 
gcggagtgta tactggctta actatgcggc 
tatgcggtgt gaaataccgc acagatgcgt 
cgcttcctcg ctcactgact cgctgcgctc 
tcactcaaag gcggtaatac ggttatccac 
gtgagcaaaa ggccagcaaa aggccaggaa 
ccataggctc cgcccccctg acgagcatca 
aaacccgaca ggactataaa gataccaggc 
tcctgttccg accctgccgc ttaccggata 
ggcgctttct caatgctcac gctgtaggta 
gctgggctgt gtgcacgaac cccccgttca 
tcgtcttgag tccaacccgg taagacacga 
caggattagc agagcgaggt atgtaggcgg 
ctacggctac actagaagga cagtatttgg 
cggaaaaaga gttggtagct cttgatccgg 
ttttgtttgc aagcagcaga ttacgcgcag 
cttttctacg gggtctgacg ctcagtggaa 
gagattatca aaaaggatct tcacctagat 
aatctaaagt atatatgagt aaacttggtc 
acctatctca gcgatctgtc tatttcgttc 
gataactacg atacgggagg gct.taccatc 
cccacgctca ccggctccag atttatcagc 
cagaagtggt cctgcaactt tatccgcctc 
tagagtaagt agttcgccag ttaatagttt 
cgtggtgtca cgctcgtcgt ttggtatggc 
gcgagttaca tgatccccca tgttgtgcaa 
cgttgtcaga agtaagttgg ccgcagtgtt 
ttctcttact gtcatgccat ccgtaagatg 
gtcattctga gaatagtgta tgcggcgacc 
taataccgcg ccacatagca gaactttaaa 
gcgaaaactc tcaaggatct taccgctgtt 
acccaactga tcttcagcat cttttacttt 
aaggcaaaat gccgcaaaaa agggaataag 
cttccttttt caatattatt gaagcattta 
atttgaatgt atttagaaaa ataaacaaat 
gccacctgac gtctaagaaa ccattattat 
cacgaggccc tttcgtcttc aagaattctg 
tttctgtggt gaaaccggat gctgcaattc 
acctgaccgc cgcagagtgg atgtttgaca 



cgtcatatac 


tgactgaaaa 


cgcccgcacc 


2820 


gacctgaaac 


gtatgggcga 


gttgatggcg 


2880 


gaaatcaccg 


tgccgcaaat 


tgacactctg 


2940 


aaaggtggcg 


tacgcatgac 


cggcggcgga 


3000 


gaagagctgg 


tgcctgccgt 


acagcaagct 


3060 


attaaagaga 


ctttttacgt 


ttgtaaacca 


3120 


ctcccgcact 


ggcacccgat 


ggtcagccgt 


3180 


atgacggtga 


aaacctctga 


cacatgcagc 


3240 


cggatgccgg 


gagcagacaa 


gcccgtcagg 


3300 


gcgcagccat 


gacccagtca 


cgtagcgata 


3360 


atcagagcag 


attgtactga 


gagtgcacca 


3420 


aaggagaaaa 


taccgcatca 


ggcgctcttc 


3480 


ggtcgttcgg 


ctgcggcgag 


cggtatcagc 


3540 


agaatcaggg 


gataacgcag 


gaaagaacat 


3600 


ccgtaaaaag 


gccgcgttgc 


tggcgttttt 


3660 


caaaaatcga 


cgctcaagtc 


agaggtggcg 


3720 


gtttccccct 


ggaagctccc 


tcgtgcgctc 


3780 


cctgtccgcc 


tttctccctt 


cgggaagcgt 


3840 


tctcagttcg 


gtgtaggtcg 


ttcgctccaa 


3900 


gcccgaccgc 


tgcgccttat 


ccggtaacta 


3960 


cttatcgcca 


ctggcagcag 


ccactggtaa 


4020 


tgctacagag 


ttcttgaagt 


ggtggcctaa 


4080 


tatctgcgct 


ctgctgaagc 


cagttacctt 


4140 


caaacaaacc 


accgctggta 


gcggtggttt 


4200 


aaaaaaagga 


tctcaagaag 


atcctttgat 


4260 


cgaaaactca 


cgttaaggga 


ttttggtcat 


4320 


ccttttaaat 


taaaaatgaa 


gttttaaatc 


4380 


tgacagttac 


caatgcttaa 


tcagtgaggc 


4440 


atccatagtt 


gcctgactcc 


ccgtcgtgta 


4500 


tggccccagt 


gctgcaatga 


taccgcgaga 


4560 


aataaaccag 


ccagccggaa 


gggccgagcg 


4620 


catccagtct 


attaattgtt 


gccgggaagc 


4680 


gcgcaacgtt 


gttgccattg 


ctgcaggcat 


4740 


ttcattcagc 


tccggttccc 


aacgatcaag 


4800 


aaaagcggtt 


agctccttcg 


gtcctccgat 


4860 


atcactcatg 


gttatggcag 


cactgcataa 


4920 


cttttctgtg 


actggtgagt 


actcaaccaa 


4980 


gagttgctct 


tgcccggcgt 


caacacggga 


5040 


agtgctcatc 


attggaaaac 


gttcttcggg* 


5100 


gagatccagt 


tcgatgtaac 


ccactcgtgc 


5160 


caccagcgtt 


tctgggtgag 


caaaaacagg 


5220 


ggcgacacgg 


aaatgttgaa 


tactcatact 


5280 


tcagggttat 


tgtctcatga 


gcggatacat 


5340 


aggggttccg 


cgcacatttc 


cccgaaaagt 


5400 


catgacatta 


acctataaaa 


ataggcgtat 


5460 


gcgaatcctc 


tgaccagcca 


gaaaacgacc 


5520 


agagcgccag 


caagtggggg 


acagcagaag 


5580 


tggtgaagac 


tatcgcacca 


tcagccagaa 


5640 
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aaccgaattt tgctgggtgg gctaacgata tccgcctgat gcgtgaacgt gacggacgta 5700 
accaccgcga catgtgtgtg ctgttccgct gggcatgcca ggacaacttc tggtccggta 57 60 
acgtgctgag cccggcc 5777 
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